The successful freezing and preservation of bull spermatozoa at liquid nitrogen temperatures (Haumann, 1960) , and promising attempts to preserve mammalian tissue-culture lines by this method (Stulberg, Soule, and Berman, 1958) suggested the possibility of wider applications of ultralow temperatures in the preservation of biological materials. Theoretical considerations suggest that one might temporarily slow to a halt biochemical processes, even life itself, if one could lower the temperature of living materials to the range of liquid nitrogen (Meryman, 1956) . If living cells could be kept at such low temperatures that mutation, deterioration, and even death could be avoided, then the possibility presents itself of maintaining collections of microorganisms, other cells, and tissues indefinitely in a genetically stable state.
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Previous studies on a variety of bacteriophage strains in the American Type Culture Collection in which commonly used methods of preservation, such as chilling, drying, and freeze-drying, were compared over a 2-year period indicated that viability declined gradually but perceptibly over the test period (Clark, 1962 Phage lysates were prepared by standard methods (Adams, 1950; Clark, 1962) and filtered through Selas 03 porcelain filters. Titers were determined by Adams' (1950) agar-layer method before and after the addition of glycerol, and after the freezing and thawing process.
For each phage to be frozen, two 2-ml samples were prepared, one without additive, the other with 10 % (v/v) glycerol. Each sample was titered before freezing; then a 0.1-ml sample of the sample of phage with glycerol was frozen, thawed, and titered. Finally, the two unfrozen samples were titered again to determine both the effect of storage of unfrozen specimens at 4 C during time required for the experiment and the effect of glycerol on the specimens. Samples (0.1 ml) of phage to be frozen were dispensed into 1.5-ml Wheaton "Trim-Tip" glass ampoules which were subsequently sealed with a propane torch (Sears Roebuck and Co.).
All specimens were cooled to 4 C in the refrigerator prior to freezing. Controls were kept at 4 C during the course of each experiment.
Freezing took place in three steps. First, the ampoules were removed from the refrigerator, placed in the freezing apparatus, and slow-frozen to -25 C at a controlled rate, using the method described by Hauschka, Mitchell, and Niederpreum (1959 Second, the phage-containing ampoules were placed in a Dry Ice-ethylene glycol slush at -78 C and transported from the freezing apparatus to the liquid nitrogen refrigera- The ampoules of frozen phage were allowed to remain in the liquid nitrogen refrigerator for 2 hr to permit the temperature of the phage to reach equilibrium with its surroundings. After this period, the ampoules were removed from the refrigerator into the Dry Ice-ethylene glycol slush again for 5 to 10 min, and then plunged into a large water bath (37 C) where they were swirled for 3 to 4 min to thaw the contents.
The plaque morphology of each frozen phage strain was studied and recorded before and after freezing.
Infection by phage 12174-B1 of 13 different Vibrio strains was checked before and after freezing by spottesting phage samples (with 10 % glycerol) on agar slants seeded with test bacteria.
The velocity constant (K) for the reaction of phage 12174-B1 with its homologous antiserum before and after freezing was determined by standard methods (Adams, 1950) .
RESULTS
The effects of freezing a number of strains of bacteriophage to the temperature of liquid nitrogen and subsequent thawing are reflected in the titers listed in Table 1 . These data indicate that all phages tested remained viable through the freezing and thawing procedure. Recovery ranged from virtually 100% (E. coli phage 11303-B,) to around 10 % (E. coli 11303-B4). Glycerol (10%) seems to have had no toxic effect on the phages tested over a 2-hr period.
The procedure caused no detectable change in plaque morphology of any phage tested.
Each phage tested remained infective for its own host. One phage, 12174-B1 for V. comma, was tested against 13 potential host strains. The spectrum of activity of the phage remained the same after freezing and thawing ( Table 2) .
The rate of inactivation of phage 12174-B1 by homologous antiserum remained the same before and after freez- Clark (1962) found these strains were also quite sensitive to freeze-drying. This is even more interesting in light of the fact that the three E. coli phages have been shown to be taxonomically related (Adams, 1952) .
Theoretically, phages brought safely to temperatures near -196 C and thawed again without damage could be kept viable and genetically stable at those temperatures ad infinitum, because there is insufficient energy for chemical reactions to occur. If the present experiments can be substantiated by further work, and freezing used for these and other microorganisms, the value of liquid nitrogen for long-term preservation of living reference cultures in a genetically stable condition will outweigh the expense involved.
